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Assessing the Deterioration of Pennsylvania Marble in William
Strickland's Mechanics' Bank
Abstract
Pennsylvania marble, a moderately metamorphosed and polishable calcareous stone, was the most desirable
building material in early-nineteenth-century Philadelphia, gracing structures that ranged from federal
institutions to hundreds of rowhouse stoops and grave markers. While changes in architectural taste and a
poor performance under pollution made it an obsolete material by the early twentieth century, its major role
in the historic fabric of the city justifies research into its deterioration and conservation.
The Mechanics’ Bank was erected on Philadelphia’s Third Street in 1837 by William Strickland, one of the
country’s leading Greek Revival architects. The marble-clad Corinthian building is, in spite of its small size,
one of the finest structures built in the city in the early nineteenth century; however, a history of private
ownership and frequent changes in use has resulted in very little research on the building and scant, poorly
documented, and often misguided maintenance.
This thesis seeks to document the marble façade of the Mechanics’ Bank and gain an understanding of its
micro- and macroscopic behavior through condition surveying and mapping, non-destructive evaluation
methods, and laboratory analysis of samples including polarized light microscopy. The knowledge gathered
through these means will be used to establish hypotheses for the causes of deterioration; compare the building
with other Pennsylvania marble structures in Philadelphia; and test and refine previous findings on the
relationship between the microstructure of Pennsylvania marble and its performance.
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ID	 Location	 Type	of	marble	 Condition	 	Orientation	
RT01	 South	anta	wall	 Blue	 Sound	 Vertical	
RT02	 South	pilaster	interior	 Blue	 Contour	scaling	 Vertical	
RT03	 South	door	jamb	 White	 Sound	 Vertical	
RT04	 South	door	jamb	 White	 Friable	 Vertical	
RT05	 Pronaos	wall	 Blue	 Contour	scaling	 Vertical	
RT06	 Steps	 Blue	 Sound	 Horizontal	






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Cl‐	 NO2‐	 NO3‐	 SO42‐	 Cl‐	 NO2‐	 NO3‐	 SO42‐	
SS01	 6.60	 ‐	 ‐	 ‐	 400~800	 ‐	 ‐	 ‐	 3.03~6.06	
SS02	 1.03	 ‐	 ‐	 2.3~10	 >1600	 ‐	 ‐	 0.11~0.49	 >77.67	
SS03	 1.84	 ‐	 ‐	 ‐	 400~800	 ‐	 ‐	 ‐	 10.87~21.74	
SS04	 2.21	 ‐	 ‐	 ‐	 400~800	 ‐	 ‐	 ‐	 9.05~18.10	
SS05	 1.56	 <<5	 ‐	 ‐	 400~800	 <<0.2	 ‐	 ‐	 12.82~25.64	












Blue	 3.03~25.64	 5.43~8.15	 >77.67	






Blue	 ‐	 ‐	 0.11~0.49	






Blue	 <<0.2	 ‐	 ‐	


















	 SS03	 SS04(b)	 SS05	 SS04(w)	
Macroscopic	sample	
Location	 Foot	of	N	pilaster	 Back	wall	at	door	 North	anta	wall	 Door	surround	













Crystallinity	 Holocrystalline	 Holocrystalline	 Holocrystalline	 Holocrystalline	



















































































































































































































































































































































































Date	 1947	 1955	 2004	 2005	
Building	element	 	 	 	 	
Base	and	steps	 ‐	 ‐	 ‐	 ‐	
Pilasters	(exterior)	 Yes	 Yes	 ‐	 ‐	
Pilasters	(interior,	
front)	 Yes	 Yes	 Yes	 Yes	(all	layers)	
Pronaos	walls	 ‐	 Yes	 Yes	 Yes	(exc.	top	courses)	
Columns	 Yes	 Yes	 ‐	 ‐	
Capitals	 Yes	 ‐	 ‐	 ‐	
Entablature	 ‐	 Yes	(exc.	under	cages)	 ‐	 ‐	
Table	10:	Paint	and	stripping	campaigns.	
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Figure	34:	Evolution	of	paint	schemes	on	the	façade	over	time,	including	wooden	features.	The	scopes	of	the	c.	
1930‐50	restoration	and	the	2004	painting	campaign	are	clear,	as	well	as	the	reach	of	paint	stripping	in	2005.	
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6.	Discussion	
The	previous	chapter	analyzed	the	condition	of	the	Mechanics’	Bank	marble	façade,	from	its	
assembly	to	its	microstructure.	This	chapter	will	build	on	these	findings	to	shed	some	light	
on	the	origins	of	the	deterioration	patterns	found;	and	to	compare	them	with	previous	
research	carried	out	on	the	Pennsylvania	marble	on	the	Second	Bank	of	the	United	States	
and	the	Philadelphia	Merchants’	Exchange.	
	
6.1.	Contributing	Factors	to	Deterioration	
It	is	beyond	the	scope	of	this	paper	to	provide	a	conclusive	diagnostic	of	the	causes	of	
marble	deterioration.	Such	undertaking	would	require	the	elaboration	of	cogent	
deterioration	hypotheses	and	their	modeling	and	monitoring,	tasks	that	could	be	a	thesis	
unto	themselves.	However,	it	is	pertinent	to	set	forth	some	of	the	factors	that	are	likely	to	
have	contributed	to	the	deterioration	of	the	building	to	a	greater	or	lesser	extent.	These	
factors	can	be	divided	into	those	external	to	the	structure	(such	as	the	environment	and	
occupants)	and	those	internal.	The	latter	can	be	divided	into	macrostructural	factors,	
related	to	the	building’s	construction;	and	microstructural	factors,	related	to	the	
microscopic	structure	of	the	marble	itself.	
	
6.1.1.	External	Factors	
External	factors	causing	the	deterioration	of	the	marble	are	related	to	five	primary	agents:	
thermal	energy	from	the	sun,	moisture	sources,	atmospheric	gases,	biological	growth,	and	
anthropogenic	causes.	Either	isolated	or	in	association,	these	factors	contribute	to	material	
loss	either	through	the	formation	of	cracks	leading	to	micro‐	or	macroscopic	material	
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separation;	or	through	the	conversion	of	marble	into	other	substances,	usually	water‐
soluble.	
Due	to	the	high	and	anisotropic	thermal	expansion	coefficient	of	calcite,	marbles	tend	
to	form	microcracks	when	subject	to	thermal	cycles	which,	under	direct	insolation,	can	
happen	daily	due	to	significant	day/night	temperature	differences,	especially	in	summer.	
This	formation	of	microcracks	can	be	an	entry	point	for	other	agents	increasing	
deterioration.75	More	calcitic	and	more	isotropic	marbles	are	more	susceptible	to	this	
effect.76	The	foliated,	somewhat	dolomitic	marble	at	the	Mechanics’	Bank	is	not	affected	by	
this	effect	in	the	extreme;	however,	the	effect	is	noticeable	in	areas	such	as	the	south‐facing	
elevation	of	the	step	cheek	walls,	which	show	microcracking	parallel	to	foliation	planes;	and	
in	the	column	drums,	where	dimensional	loss	and	friability	are	more	frequent	on	exposed	
south‐	and	southeast‐facing	areas.	
Moisture	sources	include	the	building’s	interior,	groundwater,	and	precipitation.	Due	
to	vapor	pressure	diffusion	and	stack	effect,	moisture	can	flow	outward	through	a	building’s	
porous	walls,	especially	at	the	top,	and	evaporate	at	the	surface	causing	deterioration.	This	
may	have	contributed	to	surface	damage;	however,	marble’s	low	porosity	limits	its	effect,	
and	the	lack	of	significant	differences	in	deterioration	between	the	back	wall	and	the	anta	
walls,	or	between	the	top	and	the	bottom	of	the	walls,	make	this	unlikely	to	be	the	primary	
deterioration	agent.	Groundwater	rises	by	capillarity	from	the	ground	through	the	walls,	
also	evaporating	on	their	surface;	the	lack	of	moisture	at	the	basement	wall	under	the	
façade	suggests	this	is	not	a	significant	factor.	
                                                            
75 Sáez‐Pérez and Rodríguez‐Gordillo, 153. 
76 Steiger, Charola, and Sterflinger, 230. 
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Precipitation	is	another	important	source	of	moisture.	Rainwater	can	dissolve	the	calcite	in	
the	marble	in	a	small	amount	that	is	somewhat	exacerbated	with	the	presence	of	carbon	
dioxide,	and	more	so	with	the	presence	of	sulfate	or	nitrate	ions	(acid	rain).77	However,	the	
effect	of	these	seems	to	be	limited,	as	Meierding	observed	little	correlation	between	the	
impact	of	acid	rain	and	marble	deterioration	trends.78	Rain	has	more	importance	as	an	
agent	of	differential	washing,	dissolving	gypsum	crusts	formed	on	the	marble	surface;	this	
can	be	seen	most	clearly	at	the	pediment	sill,	where	the	black	gypsum	crust	has	been	
washed	away	in	the	more	exposed	areas.	Predominant	wind	patterns	in	Philadelphia	cause	
rain	to	be	more	damaging	to	east‐oriented	façades.79	
The	effect	of	pollutant	gases	in	the	atmosphere,	especially	sulfur	dioxide	(SO2),	was	
observed	by	Meierding	to	have	a	greater	impact	on	the	durability	of	marble	than	acid	rain.80	
Sulfur	dioxide,	in	the	presence	of	water,	reacts	with	the	calcium	carbonate	and	turns	it	into	
water‐soluble	calcium	sulfate	(gypsum)	that	is	easily	washed	away.	This	causes	an	erosion	
that	is	stronger	in	areas	with	present	or	past	abundance	of	coal	gases,	especially	former	
industrial	areas;	according	to	Meierding’s	data,	the	erosion	rate	in	Philadelphia’s	Old	City	
would	be	close	to	1mm/100yrs,	or	about	2mm	in	the	Bank’s	lifespan	on	average	(Fig.	35).	
The	concentration	of	atmospheric	SO2	in	Philadelphia	peaked	between	c.	1930	and	1950;	
this	was	immediately	prior	to	the	restoration	campaigns	where	it	was	decided	to	paint	the	
façade,	while	photographs	predating	this	peak	show	little	apparent	deterioration	of	the	
stone	(Fig.	36).	
                                                            
77 Kemp, 222. 
78 Meierding, 577. 
79 Hall, Matero, and Hinchman, 126. 
80 Meierding, 577. 
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Figure	35:	Dimensional	loss	rates	for	marble	tombstones	in	the	Philadelphia	area	(mm/100yr);	red	dot	shows	
Mechanics’	Bank.	A	correlation	with	SO2	pollution	is	visible.	Adapted	from	Meierding,	578.	
	
Figure	36:	SO2	concentration	in	Philadelphia,	1880‐1980,	and	appearance	of	the	building.	Photographs	from	c.	
1900	show	little	deterioration;	paint	campaigns	in	1947	and	1955	probably	responded	to	quick	deterioration	c.	
1930‐50.	SO2	data	from	Meierding,	584.	
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Biological	growth	of	algae	and	fungi	on	marble	takes	place	mostly	in	areas	with	relatively	
constant	moisture	levels.81	In	the	Mechanics’	Bank	this	is	limited	to	the	north	side	of	the	
south	cheek	wall,	and	has	little	effect	on	the	building	as	a	whole.	Bacteria	can	also	cause	the	
formation	of	benign	(non‐soluble)	yellow	oxalate	crusts	on	marble;	on	the	Mechanics’	Bank	
only	the	capitals	show	small	occurrences	of	this.82	
Last	but	not	least,	human	action	affects	the	weathering	of	the	marble.	Some	of	the	
human‐caused	patterns	attested	in	the	Mechanics’	Bank	include	vandalism	(graffiti);	
accidental	damage	by	vehicles;	and	surface	erosion	at	the	floor	related	to	circulation	
patterns.	Less	obviously,	the	application	of	deicing	salts	on	the	steps	and	floors	can	cause	
saline	solutions	to	leach	into	the	stone	and	crystallize	inside	intergranular	joints,	
exacerbating	cracking.83	Although	the	low	porosity	of	the	marble	seems	to	be	somewhat	of	a	
safeguard	against	this,	the	effect	is	worth	taking	into	account,	particularly	in	already	
deteriorated	areas.	Finally,	traffic	along	Third	Street	produces	vibrations,	which	have	been	
shown	to	have	a	measurable	effect	on	stone	deterioration	especially	on	smaller	or	loose	
units	that	resonate	with	them.84	Vibrations	may	be	linked	to	small	dimensional	loss	at	
corners	in	the	vicinity	of	narrow	joints.	
	
6.1.2.	Internal	Factors:	Building	Assembly	
The	way	the	marble	is	installed	also	affects	its	behavior.	As	discussed	in	Section	5.2.,	the	
installation	orientation	of	the	marble	units	is	directly	connected	to	deterioration	patterns;	
most	importantly,	face‐oriented	installation	reduces	mechanical	cracking	of	units	but	
                                                            
81 Steiger, Charola, and Sterflinger, 291ff. 
82 Steiger, Charola, and Sterflinger, 259. 
83 Steiger, Charola, and Sterflinger, 266. 
84 Steiger, Charola, and Sterflinger, 228. 
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facilitates	contour	scaling	and	may	enable	hidden	spalling	parallel	to	the	surface,	though	
very	few	instances	of	this	have	been	identified.	
The	façade	is	composed	of	two	main	layers:	a	likely	more	porous	inner	brick	layer,	
and	an	outer	marble	layer	with	relatively	low	porosity.	The	very	narrow	joints	in	this	layer	
are	the	easiest	routes	for	evaporation,	which	may	explain	the	deterioration	of	such	a	large	
proportion	of	the	original	mortar;	the	repointing	of	these	with	impermeable	cement	
mortars	can	divert	evaporation	through	the	stone,	accelerating	its	surface	deterioration.	In	
any	case,	the	low	porosity	of	the	outer	layer	can	cause	condensation	between	the	brick	and	
the	marble,	potentially	leading	to	deterioration	of	the	brick,	biogrowth,	and	rusting	of	the	
stone	anchors;	although	no	compelling	evidence	has	been	found	suggesting	this	is	
happening,	this	is	an	issue	that	should	be	taken	into	consideration.	
The	narrow	joints	also	limit	the	stone	units’	options	for	movement.	As	the	building	
settles	this	can	cause	the	units	to	rest	on	each	other	directly,	resulting	in	point	loads	that	
lead	to	small	corner	and	edge	spalls.	Cement	repointing	mortar	glues	the	units	together	and,	
having	a	greater	mechanical	strength	than	the	marble,	can	cause	the	units	to	break	rather	
than	separate;	this	is	especially	significant	where	the	marble	already	presents	loss	of	
cohesion,	such	as	at	the	door	surround.	
Corrosion	of	the	metal	anchors	can	cause	them	to	expand,	prying	cracks	in	the	stone	
units.	These	would	typically	be	parallel	to	the	surface,	causing	the	spalling	of	large	
fragments	of	stone;	and	would	be	difficult	to	detect	before	the	stone’s	failure.	It	must	be	
said,	however,	that	in	the	parts	of	the	building	tested	through	percussive	sounding	this	did	
not	seem	to	be	an	issue.	External	metallic	features	corrode	causing	metallic	staining	that	is	
difficult,	though	not	impossible,	to	remove.	The	most	severe	example	of	this	is	the	quick	and	
thorough	staining	of	the	cheek	walls	at	the	steps	after	the	installation	of	cor‐ten	steel	
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planters	on	top	of	them.	These,	which	serve	no	structural	purpose,	should	be	removed	as	
soon	as	possible	and	replaced	by	non‐corroding	elements	to	limit	the	damage.	
It	is	difficult	to	assess	the	effect	that	being	painted	for	almost	sixty	years	had	on	the	
façade’s	behavior.	On	one	hand,	if	evaporation	through	the	stone	is	a	major	factor	in	stone	
deterioration,	an	impermeable	paint	could	have	caused	moisture	accumulation	at	the	
surface	leading	to	salt	growth	and	crack	formation,	which	would	have	revealed	a	fragile	
surface	that		would	have	deteriorated	quickly	after	cleaning.	On	the	other	hand,	the	paint	
would	have	protected	the	stone	from	external	factors	such	as	rain	and	sulfur	gases,	though	
not	from	the	effects	of	thermal	cycling.	The	effect	of	paint	removal	is	once	again	difficult	to	
gauge,	though	the	composition	of	the	removal	agent	does	not	suggest	that	it	would	either	
dissolve	the	minerals	in	the	marble	or	induce	salts	into	the	microstructure.	Areas	where	the	
blue	paint	was	not	removed	show	loss	of	painted	surface	through	contour	scaling,	
suggesting	this	has	been	an	active	process	in	the	last	fourteen	years.	
	
6.1.3.	Internal	Factors:	Stone	Microstructure	
The	condition	surveys	show	many	changes	in	deterioration	pattern	not	easily	connected	to	
location	on	the	building.	In	these	cases,	microstructural	differences	are	the	most	likely	
candidate	for	explaining	differences	in	deterioration.	The	samples	subject	to	petrographic	
analysis	revealed	significant	differences	in	microstructure	and	composition	even	within	
stones	of	a	similar	appearance,	which	can	explain	some	of	the	less	obvious	patterns.	
The	intrinsic	formation	of	cracks	in	the	stone,	acting	as	capillary	pores,	is	the	most	
significant	factor	contributing	to	deterioration.	Cracks	become	avenues	for	water	
infiltration:	while	sound	Pennsylvania	marble	has	very	low	porosity	due	to	good	
interlocking	of	the	grains,	porosity	increases	dramatically	in	samples	showing	friability	or	
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contour	scaling.	Water	absorption	causes	the	crystallization	of	soluble	salts,	mostly	sulfates,	
leading	to	rapid	microcrack	growth.85	Therefore,	factors	conditioning	the	formation	of	
microstructural	cracks	are	a	significant	indicator	of	stone	durability.	Three	main	factors	
have	been	identified	as	having	an	effect:	
1. Degree	of	foliation.	Stones	with	a	more	marked	orientation	of	the	grains	along	
foliation	planes	(e.g.	SS04(b))	tend	to	form	microcracks	easily	along	those	planes.86	
2. Interlocking	of	grains.	Portions	of	the	stone	that	undergo	more	thorough	
metamorphism	tend	to	have	larger	grains	with	smoother	boundaries	terminating	in	
triple	junctions	(e.g.	SS04(w)).	These	boundaries	separate	more	easily	than	less	
metamorphosed,	more	irregular	boundaries	(e.g.	SS03);	in	addition,	the	random	
orientation	of	the	crystals	increases	the	effect	of	anisotropic	thermal	expansion.87	As	
a	result,	more	thoroughly	metamorphosed	areas	are	counterintuitively	less	durable	
than	moderately	metamorphosed	ones.	
3. Presence	of	accessory	minerals	at	grain	boundaries.	Large	crystals	of	accessory	
minerals	such	as	feldspars	interlock	with	the	calcite	grains	and	have	no	observable	
effect	on	the	stone’s	performance	(e.g.	SS03).	However,	small	crystals	of	quartz	and	
mica	laths	tend	to	act	as	wedges	between	the	grains	facilitating	crack	formation	(e.g.	
SS04(w)).	Mica	seems	to	have	an	especially	significant	effect,	since	its	
microstructure	of	weakly‐bonded	thin	layers	tends	to	attract	water	particles	as	well	
as	facilitate	the	accumulation	of	salts.	This	causes	it	to	separate	easily,	prying	the	
cracks	open.88	
                                                            
85 Steiger, Charola, and Sterflinger, 229. 
86 Yavuz and Topal, 39. 
87 Steiger, Charola, and Sterflinger, 230. 
88 Steiger, Charola, and Sterflinger, 262. 
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In	light	of	these	circumstances,	the	large‐grained	white	marble	used	for	the	door	surround	
appears	to	be	less	durable	than	the	blue	marble	in	general.	However,	there	is	large	variation	
within	the	blue	marble;	some	areas	are	not	much	different	from	the	white	marble,	and	can	
be	even	less	durable	due	to	marked	foliation;	while	other	areas	can	be	much	more	durable.	
	
6.2.	Comparison	with	Other	Pennsylvania	Marble	Structures	
6.2.1.	General	Deterioration	Patterns	
The	only	other	Pennsylvania	marble	building	with	a	full	published	condition	survey	is	the	
Second	Bank	of	the	United	States,	a	much	larger	building	constructed	by	Strickland	earlier	
in	his	career.89	The	Second	Bank	has	four	stone‐clad	façades,	with	two	Doric	porticoes	facing	
north	and	south	and	two	plain	elevations	facing	east	and	west.	White	Pennsylvania	marble,	
both	fine	and	medium‐grained,	was	used	for	the	north	and	south	façades,	while	blue	marble	
was	used	for	the	side	elevations;90	it	is	possible	that	Strickland	and	Struthers’		shift	to	blue	
marble	for	most	of	the	façade	at	the	Mechanics’	Bank	(and	the	Merchants’	Exchange)	was	
motivated	by	their	realizing	the	white	marble’s	poorer	performance.	The	stone	layout	at	the	
Second	Bank	is	somewhat	more	irregular	than	at	the	Merchants’	Exchange,	but	the	
construction	and	assembly	systems	do	not	seem	to	have	changed	radically.	
A	greater	difference	can	be	observed	regarding	the	orientation	of	the	stone;	while	
stones	at	the	Second	Bank	show	little	consistency	in	their	haphazard	orientation	with	a	
predominance	of	diagonal	and	face‐oriented	units,	most	of	the	units	at	the	Mechanics’	Bank	
are	either	face‐oriented	or	edge‐oriented	according	to	their	longest	direction;	less	than	10%	
of	the	units	are	inconsistent	with	this	and	very	few	units,	only	one	of	them	major,	have	
                                                            
89 Matero et al., and Aphale. 
90 Aphale, 8‐9. 
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diagonal	bedding.	This	greatly	reduces	the	amount	of	spalling	associated	with	cracking	
along	foliation	planes.	In	both	buildings	face‐oriented	installation	is	associated	with	contour	
scaling,	whereas	edge‐oriented	installation	is	more	related	to	differential	erosion	patterns.	
As	regards	deterioration	patterns,	although	the	Second	Bank	shows	a	similar	amount	
of	deterioration	for	all	orientations,	a	greater	amount	of	repairs	on	the	north	and	south	
elevations	indicates	that	this	was	not	the	case	in	the	past;	and	seems	to	confirm	that	a	
greater	impact	of	insolation	and	acid	rain	on	north	and	east	elevations	does	affect	the	rate	of	
deterioration.91	On	the	Second	Bank,	the	least	deteriorated	large	surfaces	were	the	
protected	north	and	south	pronaos	walls,	showing	mostly	contour	scaling	(predominant	on	
the	north)	and	friability	(predominant	on	the	south);92	although	on	the	Mechanics’	Bank	the	
conditions	at	the	pronaos	walls	are	similar,	their	rate	of	deterioration	is	greater	suggesting	
that	processes	like	paint	coating	may	have	had	a	significant	effect.	On	both	buildings,	the	
columns,	due	to	their	shape	with	thin,	raised	fluting,	show	the	greatest	amount	of	spalling	
either	incipient	or	resolved,	though	the	mostly	vertical	stone	orientation	greatly	reduces	the	
amount	of	structurally	compromising	large	diagonal	spalls	at	the	Mechanics’	Bank	
compared	to	the	Second	Bank.93	
Some	minor	conditions	differed	between	both	buildings,	though	it	is	significant	that	
neither	of	them	showed	substantial	amounts	of	efflorescence.	Most	evidently,	the	
Mechanics’	Bank	was	painted	over	time,	while	the	Second	Bank	was	not	but	was	subjected	
to	treatment	coatings.	Metallic	staining	is	mostly	iron	at	the	Mechanics’	Bank	and	mostly	
copper	at	the	Second	Bank,	reflecting	the	use	of	different	metals	for	construction	elements.	
Some	of	the	stones	at	the	Second	Bank’s	cheek	walls	showed	deformation	which	may	have	
                                                            
91 Aphale, 108. 
92 Aphale, 103. 
93 Aphale, 108. 
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been	caused	by	their	large	size,	thin	proportions	and	exposed	nature;	this	is	not	an	issue	
anywhere	in	the	Mechanics’	Bank.	
	
6.2.2.	Deterioration	of	the	Capitals	
The	2008	request	for	proposals	for	the	capitals	of	the	Merchants’	Exchange	describes	very	
similar	conditions	to	those	affecting	the	Mechanics’	Bank	capitals,	making	a	good	case	for	
both	having	been	carved	of	the	same	material.94	In	the	Merchants’	Exchange,	Lysicrates	
capitals	like	those	in	the	Mechanics’	Bank	were	found	both	on	the	east	and	the	west	façade.	
The	east	façade	presented	more	severe	deterioration	patterns	that	resembled	more	closely	
those	found	on	the	Mechanics’	Bank,	also	east‐facing;	like	on	the	latter,	exposed	areas	
showed	more	severe	deterioration.	The	reasons	cited	included	greater	insolation	and	the	
effect	of	wind‐driven,	predominantly	east‐facing	acid	rain.95	
Capitals	at	the	Merchants’	Exchange	presented	dimensional	loss	at	the	same	locations	
as	at	the	Mechanics’	Bank,	caused	by	disaggregation	of	the	core	stone	abetted	by	the	
formation	of	a	heavy	gypsum	crust.	Soiling	patterns	at	crevices	were	also	very	similar.96	
While	Mechanics’	Bank	capitals	did	not	present	copper	staining	and	those	at	the	Merchants’	
Exchange	had	no	paint	coating	residue	on	them,	the	main	deterioration	patterns	remain	the	
same.	Damage,	however,	is	more	thorough	at	the	Mechanics’	Bank,	where,	in	some	cases,	all	
instances	of	certain	details	have	been	lost.	
 
  	
                                                            
94 Hall, Matero, and Hinchman, 4‐5, 33. 
95 Hall, Matero, and Hinchman, 4. 
96 Hall, Matero, and Hinchman, 33. 
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6.2.3.	Marble	Microstructure	
Jocelyn	Kimmel’s	study	of	Pennsylvania	marble	at	the	Second	Bank	of	the	United	States	
identified	three	main	varieties:	a	blue,	interlocked	marble	with	a	small	amount	of	quartz	
and	mica	as	accessory	minerals;	a	white,	larger‐grained,	more	porous	marble	with	some	
amounts	of	mica	as	accessory	mineral,	less	durable	than	the	former;	and	a	white,	fine‐
grained,	even	more	porous	marble	with	quartz,	mica,	and	orthoclase	grains	as	accessory	
minerals.	From	this,	she	established	that	the	blue	marble	was	more	durable	than	the	white	
ones;	and	that	accessory	crystals	of	orthoclase,	quartz,	and	especially	mica	were	the	main	
causes	of	crack	formation,	as	were	differences	in	porosity	and	grain	interlocking.97	
The	samples	studied	in	this	thesis	confirm	porosity	differences	and	degree	of	grain	
interlocking	as	affecting	the	durability	of	the	marble;	and	add	type	of	texture	(degree	of	
foliation)	as	a	factor.	PLM	images	of	developing	cracks	confirm	the	role	of	the	accessory	
minerals	mica	and	quartz	in	the	deterioration	of	the	marble;	but	nuance	the	connection	
between	the	amount	of	accessory	minerals	and	durability,	since	large	crystals	of	feldspar	
seem	to	have	little	effect	on	the	stone’s	performance.	
The	white	marble	used	in	the	Mechanics’	Bank	seems	to	correspond	roughly	to	
Kimmel’s	medium‐grained	white	marble,	though	it	has	a	larger	variety	and	amount	of	
accessory	minerals.	While	Kimmel’s	assertion	that	blue	marble	is	more	durable	than	white	
marble	seems	to	hold	generally	true,	a	significant	range	of	microstructures	and	
compositions	–	associated	to	a	significant	range	in	durability	–	has	been	found	in	blue	
marble,	encompassing	most	of	the	accessory	minerals	found	by	Kimmel	in	white	marble	
only.	It	is	thus	necessary	to	reject	the	idea	that	blue	marble	lacks	the	accessory	minerals	
present	in	white	marble	and	is	therefore	always	more	durable.	 	
                                                            
97 Kimmel, 19‐20. 
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7.	Conclusions	
The	Mechanics’	Bank	is	a	Philadelphia	landmark	and,	in	spite	of	its	small	size,	one	of	the	
finest	structures	built	in	the	city	in	the	early	nineteenth	century,	with	some	of	the	most	
accomplished	architectural	carvings	of	its	time	anywhere	in	the	United	States.	For	both	its	
architecture	and	its	eventful	history	it	is	deserving	of	greater	attention	than	it	has	received	
until	now.	
The	building’s	marble	façade,	its	most	prominent	feature,	is	unfortunately	in	a	poor	
condition,	with	some	elements	being	in	a	dire	situation	caused	by	the	influence	of	weather	
and	pollution;	lack	of	continued	maintenance;	and	episodic,	misguided	interventions.	
Although	much	of	the	deterioration	seems	to	have	peaked	during	the	second	quarter	of	the	
twentieth	century,	there	is	sufficient	evidence	that	deterioration	processes	are	active	and	
need	to	be	attended	to.	
Some	of	these	deterioration	processes	require	urgent	attention,	either	because	they	
compromise	the	building’s	safety	or	functionality;	or	because	they	can	cause	irreversible	
damage	affecting	its	legibility	as	a	piece	of	heritage.	The	former	include	the	displacement	of	
the	steps;	the	rapid	deterioration	of	the	pilaster	panels	along	their	joints	which	could	
eventually	cause	their	failure;	the	diagonal	cracking	of	the	top	unit	of	the	south	column,	
which	can	lead	to	large	spalls;	and	the	incipient	spalling	of	the	cornice	overhangs	at	the	
pediment.	Among	the	latter,	the	capitals	show	very	advanced	detail	loss,	exacerbated	in	the	
last	fifty	years,	with	some	features	having	been	lost	completely	or	almost	completely;	
continued	deterioration	of	these	true	masterpieces	of	architectural	sculpture	would	be	an	
irreparable	loss.	
Other	conditions	are	not	as	distressing,	but	their	prevention	is	easy	for	a	great	
reduction	in	the	damage	inflicted	on	the	building.	Chief	among	these	is	the	metallic	staining	
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of	the	cheek	walls	at	the	steps,	which	can	easily	be	stopped	by	replacing	the	cor‐ten	planters	
with	non‐rusting	features.	
Research	on	the	origins	of	the	façade’s	deterioration	has	shown	it	to	be	mostly	related	
to	weathering	processes	common	to	Pennsylvania	marble,	most	significantly	sulfur	oxide	
gases	and	thermal	cycling.	The	microstructure	of	the	marble	plays	a	significant	role;	
especially	the	interlocking	of	the	grains,	degree	of	foliation,	and	presence	of	microscopic	
mineral	inclusions	at	the	grain	boundaries	such	as	muscovite	laths.	A	contribution	of	this	
thesis	has	been	to	show	that	blue	Pennsylvania	marble	presents	a	broader	range	in	its	
microstructure	and	accessory	mineral	content	than	previously	known,	explaining	the	
variability	of	its	behavior.	
	
7.1.	Recommendations	for	Future	Research	
Further	research	would	be	useful	for	a	better	understanding	of	the	façade’s	deterioration	
processes	that	would	help	in	its	conservation.	Continuation	of	testing	complemented	with	
monitoring	and	modeling	would	make	it	possible	to	measure	the	real	impact	of	the	
proposed	deterioration	mechanisms	on	the	stone’s	performance.	Specifically,	thermal	
imaging	of	the	façade	accompanied	by	moisture	transport	modeling	of	the	wall	section	
would	enable	a	better	understanding	of	the	behavior	between	the	layers	of	brick	and	
marble	at	the	walls.	Temperature	monitoring	at	local	points	and	insolation	modeling	would	
improve	the	understanding	of	the	mechanisms	of	thermal	cycling.	
To	understand	the	rate	and	evolution	of	recent	surface	loss	at	the	façade,	it	would	be	
useful	to	put	together	an	archive	of	detail	photographs	of	the	past	fifteen	years	for	
comparing	the	stone’s	condition	over	time,	especially	in	blue‐painted	areas	where	it	is	
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easier	to	see	changes.	Three‐dimensional	scanning	and	modeling	would	make	it	possible	to	
quantify	the	rates	of	surface	loss.	
The	documented	presence	of	deicing	salts	and	displacement	at	the	steps	should	be	
explored	in	more	depth.	Probes	should	be	made	to	understand	the	underlying	structure	and	
its	degree	of	deterioration.	Salt	testing	of	samples	from	the	steps	is	recommended	to	assess	
the	absorption	of	salts	from	deicing.	
It	was	not	possible	to	sample	and	analyze	the	capitals	in	detail	due	to	their	location	on	
the	building;	therefore,	many	hypotheses	about	them	have	been	left	untested.	Analysis	of	
marble	samples	from	the	capitals	would	make	it	possible	to	confirm	their	building	material	
and	compare	it	with	the	Merchants’	Exchange;	and	to	understand	the	true	degree	of	their	
deterioration.	
While	not	all	of	these	actions	are	strictly	necessary	for	conserving	the	façade	of	the	
Mechanics’	Bank,	they	would	all	bring	about	useful	knowledge	of	its	condition	and	its	
evolution.	After	almost	two	hundred	years	of	comings	and	goings,	changes	in	use,	damage,	
and	repair,	the	building	surely	deserves	it.	 	
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Appendix	3:	Condition	Survey	Drawings	
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Appendix	6:	Petrographic	Thin	Section	Photographs	
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SAMPLE	SS03	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Surface	at	area	with	encrusted	soiling.	Texture	is	granoblastic.	Soiling	only	thin	layer	on	grains,	with	some	
weathering	of	grains	but	no	evidence	of	gypsum	crust.	Medium‐sized	subhedral	and	anhedral	grains,	equant	to	subelongate.	
No	intra‐	or	intergranular	cracking	and	no	damage	at	cleavage	planes.	Irregular	boundaries	between	grains	with	few	triple	
junctions.	
	
	
SAMPLE	SS03	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Surface	at	area	with	encrusted	soiling.	Primary	mineral	calcite/dolomite	evidenced	by	rhombohedral	cleavage	and	
high	order	birefringence	cream	colors.	
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SAMPLE	SS03	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Interior	of	sample.	Texture	is	granoblastic.	Medium‐sized	subhedral	and	anhedral	grains,	equant	to	subelongate.	
No	intra‐	or	intergranular	cracking	and	no	damage	at	cleavage	planes.	Irregular	boundaries	between	grains	with	few	triple	
junctions.	
	
	
SAMPLE	SS03	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Interior	of	sample.	Primary	mineral	calcite/dolomite	evidenced	by	rhombohedral	cleavage	and	high	order	
birefringence	cream	colors.	Some	large	grains	of	accessory	minerals	including	probable	microcline	feldspar	evidenced	by	
hatched	twinning	(top	left).	
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SAMPLE	SS03	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		10x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Surface	showing	soiling	layer	and	alteration	of	crystals.	
	
	 	
	
	
SAMPLE	SS03	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		10x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Accessory	mineral	with	undulose	extinction	(possible	feldspar).	
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SAMPLE	SS03	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Large	grain	of	accessory	mineral	with	severe	weathering	making	identification	difficult.	
	
	
SAMPLE	SS03	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Large	grain	of	accessory	mineral	with	severe	weathering	making	identification	difficult.		
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SAMPLE	SS03	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		10x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Grain	of	same	mineral	showing	simple	twinning	in	XPL	which	suggests	it	may	be	feldspar.	
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SAMPLE	SS04	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Surface	at	interface	with	mortar	M02.	Texture	is	foliated.	Sample	too	small	and	fragmented	to	observe	
microstructure.	
	
	
SAMPLE	SS04	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Surface	at	interface	with	mortar	M02.	Primary	mineral	calcite/dolomite	evidenced	by	rhombohedral	cleavage	and	
high	order	birefringence	cream	colors.	Some	small	grains	of	accessory	minerals	including	quartz	evidenced	by	high	relief	
and	lower	first	order	gray	color	(center	left)	and	mica	laths	(extreme	left).	
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SAMPLE	SS04	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		20x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Detail	of	platy	micaceous	lath,	probably	muscovite	(bottom)	and	intragranular	crack	(top)	with	lenticular	crystals	
in	crack	that	suggest	possible	formation	of	gypsum.	
	
	 	
	
	
SAMPLE	SS04	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		20x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Detail	of	very	small	quartz	grain.	
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SAMPLE	SS04	(White)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Interior	of	sample.	Texture	is	granoblastic	to	foliated.	Medium	to	large‐sized	subhedral	grains,	equant	to	
subelongate.	Severe	intergranular	cracking	following	foliation	planes	of	rock	and	intragranular	cracking	at	cleavage	planes.	
Boundaries	between	grains	less	irregular	than	SS03,	with	a	few	triple	junctions.	
 
	
SAMPLE	SS04	(White)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Interior	of	sample.	Primary	mineral	calcite/dolomite	evidenced	by	rhombohedral	cleavage	and	high	order	
birefringence	cream	colors.	Some	small	grains	of	accessory	minerals,	esp.	at	cracks.	
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SAMPLE	SS04	(White)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Interior	of	sample	(2).	Texture	is	granoblastic	to	foliated.	Medium	to	large‐sized	subhedral	grains,	equant	to	
subequant.	Intergranular	cracking	following	foliation	planes	of	rock	and	intragranular	cracking	at	cleavage	planes.	
Boundaries	between	grains	less	irregular	than	SS03,	with	a	few	triple	junctions.	
 
	
SAMPLE	SS04	(White)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Interior	of	sample	(2).	Primary	mineral	calcite	evidenced	by	rhombohedral	cleavage	and	high	order	birefringence	
cream	colors.	Some	medium‐to‐large	grains	at	center	show	simple	twinning	and	undulose	extinction,	suggesting	possible	
orthoclase	feldspar.	
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SAMPLE	SS04	(White)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		10x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Detail	showing	crack	in	calcite/dolomite	grain	along	cleavage	planes.	Surface	alteration	along	spall	surface	visible	
at	right,	indicating	the	spall	was	exposed	for	some	time.	
 
	
SAMPLE	SS04	(White)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		10x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Small	crystal	of	opaque	mineral	at	crack.	Mineral	not	identified	but	may	be	graphite,	as	suggested	by	common	
presence	as	accessory	mineral	in	marble	and	identification	by	Kimmel	(1996).	
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SAMPLE	SS04	(White)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		20x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Crystals	at	intergranular	crack.	Small	quartz	grain	at	center	(evidenced	by	high	relief	and	lower	first	order	gray	
color)	and	large,	platy	micaceous	lath	(probably	muscovite)	showing	splitting.	Crystal	growth	inside	splitting	lath	suggests	
crystallization	of	unidentified	soluble	salts,	such	as	gypsum,	causing	the	splitting.	
 
	
SAMPLE	SS04	(White)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		10x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Calcite	crystal	with	polysynthetic	twinning	showing	unidentified	circular	structure	filled	in	by	another	calcite	
crystal.	This	could	be	a	metamorphosed	oolith	or	similar	fossil	remain,		
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SAMPLE	SS05	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Surface.	Texture	is	granoblastic	to	foliated.	Medium‐sized,	mostly	subhedral	grains,	subequant	to	elongate.	
intergranular	cracking	but	little	intragranular	cracking	and	no	damage	at	cleavage	planes.	Boundaries	between	grains	less	
irregular	than	SS03	and	SS04	with	some	triple	junctions.	
 
	
SAMPLE	SS05	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Surface.	Primary	mineral	calcite/dolomite	evidenced	by	rhombohedral	cleavage,	polysynthetic	twinning	along	
cleavage	and	high	order	birefringence	cream	colors.	Small	micaceous	laths,	probably	muscovite	(center	top	right)	and	some	
crystal	growth	within	cracks	(left).	
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SAMPLE	SS05	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Interior	close	to	surface.	Texture	is	granoblastic	to	foliated.	Medium‐sized,	mostly	subhedral	grains,	subequant	to	
subelongate.	Small	amount	of	intergranular	cracking.		Boundaries	between	grains	less	irregular	than	SS03	and	SS04	with	
some	triple	junctions.	
 
	
SAMPLE	SS05	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Interior	close	to	surface.	Primary	mineral	calcite/dolomite	evidenced	by	rhombohedral	cleavage,	polysynthetic	
twinning	along	cleavage	and	high	order	birefringence	cream	colors.	
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SAMPLE	SS05	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Interior.	Texture	is	granoblastic	to	foliated.	Small	to	medium‐sized,	mostly	subhedral	and	some	anhedral	grains,	
equant	to	subelongate.	No	inter‐	or	intragranular	cracking.		Boundaries	between	grains	less	irregular	than	SS03	and	SS04	
with	some	triple	junctions.	
 
	
SAMPLE	SS05	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Interior.	Primary	mineral	calcite/dolomite	evidenced	by	rhombohedral	cleavage,	polysynthetic	twinning	along	
cleavage	and	high	order	birefringence	cream	colors.	
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SAMPLE	SS05	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		10x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Surface	showing	weathering	of	calcite	to	a	shallow	depth.	Note	also	small	cracking	along	cleavage	planes	(right)	
and	a	very	small	quartz	grain	(center	left).	
 
	
SAMPLE	SS05	(Blue)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		20x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Crystal	growth	inside	cracks	suggests	crystallization	of	unidentified	soluble	salts,	such	as	gypsum,	causing	the	
splitting.	
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SAMPLE	SS04	(M01)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Mortar	1	was	the	original	pointing	mortar.	Small	and	deteriorated	sample	allows	little	information	to	be	extracted	
about	the	microstructure.	
	
	
SAMPLE	SS04	(M01)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	XPL	shows	a	carbonated	lime	mortar	(evidenced	by	brown‐colored	binder)	with	very	little	aggregate	in	small	
subangular	particles.	
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SAMPLE	SS04	(M02)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Mortar	2	was	the	first	repointing	campaign.	Opaque	binder	suggests	Portland	cement.	Large	well‐graded	
aggregate,	sub‐rounded	to	sub‐angular,	in	an	approx.	1:1	binder‐aggregate	ratio.	Cracking	of	binder	may	be	related	to	
drying	or,	more	likely,	be	mechanical	cracking	associated	with	the	movement	of	the	joint.	
	
	
SAMPLE	SS04	(M02)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Aggregate	appears	to	be	composed	primarily	of	quartz	grains	with	some	feldspar	grains	(center	left).	
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SAMPLE	SS04	(M03)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		PPL	
Light	Source:		Halogen	
NOTES:	Mortar	3	was	the	second	pointing	campaign.	Opaque	binder	suggests	Portland	cement.	Small	well‐sorted	
aggregate,	sub‐angular	to	angular,	in	an	approx.	1:2	binder‐aggregate	ratio.	
	
	
SAMPLE	SS04	(M03)	
Thin	Section	
Origin:	Mechanics’	Bank	
Taken:		March	2018	
Imaging:		Nikon	DS‐Fi1	
camera	with	NIS	Elements	
BR	software	
Microscope:		Olympus	
CX31	Petrographic	
Microscope	
Ocular	Mag:		10x	
Objective	Mag:		4x	
Light	Type:		XPL	
Light	Source:		Halogen	
NOTES:	Aggregate	appears	to	be	composed	primarily	of	quartz	grains.	
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